Abstract Oral submucous fibrosis (OSMF) is a chronic debilitating disease and a premalignant condition of the oral cavity characterized by generalized submucosal fibrosis. Despite its precancerous nature, the molecular biology regarding its malignant potential has not been extensively studied. PTEN, a known tumor suppressor gene is mutated in a majority of human cancers and has also been implicated in several fibrotic disorders. The present study aims to evaluate the expression of PTEN in OSMF and oral squamous cell carcinoma (OSCC) and correlate it with the pathogenesis and malignant transformation of OSMF. 60 cases total of OSMF (30) and OSCC (30) were subjected to immunohistochemistry using PTEN antibody. Ten normal oral mucosa (NOM) specimens were also stained as controls. There was progressive loss of PTEN expression from normal mucosa to OSMF and OSCC (p B 0.001). Significant differences were observed for PTEN expression between NOM and OSMF, OSMF and OSCC as well as NOM and OSCC. Though a progressive loss of PTEN was noticed between early OSMF and advanced OSMF, the variation did not reach statistical significance (p C 0.001). Data suggest that there is a significant loss of PTEN expression in OSMF as compared to normal oral mucosa and that this trend increased from OSMF to OSCC. Thus, alteration of PTEN is likely an important molecular event in OSMF pathogenesis and oral carcinogenesis.
Introduction
Oral squamous cell carcinoma (OSCC) is the sixth most common cancer worldwide and the most frequent malignant tumor of the oral cavity. Despite availability of newer diagnostic and therapeutic strategies, the five-year survival rate is still low (*50%) making it a global health problem [1, 2] . Most oral squamous cell carcinomas are preceded by clinical premalignant lesions and conditions like oral leukoplakia, erythroplakia, and oral submucous fibrosis (OSMF) [3] . Among these, OSMF, a chronic fibrotic premalignant condition, demonstrates a regional distribution, being particularly prevalent in the Indian subcontinent [4, 5] . Scientific literature to date provides firm evidence that areca nut is the major etiological factor for this disease but the exact mechanism of action on the oral tissues remains to be elucidated [5, 6] . The disease is characterized by inflammation and progressive generalized submucosal fibrosis, leading to limitation of mouth opening. It exhibits characteristic histopathologic features that include juxtaepithelial Electronic supplementary material The online version of this article (doi:10.1007/s12105-012-0341-z) contains supplementary material, which is available to authorized users.
hyalinization and excessive collagen deposition in the connective tissue, secondary to which the epithelium becomes atrophic [5, 6] . This atrophic epithelium is prone to injury by the areca nut extracts that predispose to the development of malignancy [5, 6] . The reported malignant transformation rate of OSMF to oral squamous cell carcinoma (OSCC) is 7-13% with a long-term follow-up study recording an annual malignant transformation rate of 0.5% [7] . The incidence of this disease is rising in India especially among the younger population due to increased access and improved marketing strategies for the availability of areca nut, which, in turn, predisposes this population to an increased risk for oral cancer [6] .
Oral carcinogenesis is a multistep process involving the progressive acquisition of mutations and epigenetic abnormalities in the expression of multiple genes, especially the activation of oncogenes and inactivation of tumor suppressor genes. [8] . Phosphatase and tensin homologue deleted on chromosome 10 (PTEN) is a tumor suppressor gene and a negative regulator of PI3K/AKT (phosphotidyl inositol-3-kinase/AKT) pathway that controls various cellular processes including proliferation, apoptosis (cell death), cell cycle regulation, and cell adhesion and migration. Inactivation of PTEN results in unconditional proliferation and reduction in apoptosis, thereby predisposing to the development of cancer [9, 10] . Germline mutations of PTEN are found in patients with multiple hamartoma syndrome, a familial syndrome associated with a predisposition for multiple benign hamartomas, as well as malignant breast and thyroid neoplasms. Somatic mutation or deletion resulting in loss of PTEN has been reported in a variety of precancers and cancers, including glioblastomas, melanoma, breast, prostate, endometrial carcinomas, head and neck cancers, and oral squamous cell carcinoma [9] [10] [11] [12] [13] [14] [15] [16] . Recently, PTEN has also been implicated in the pathogenesis of several fibrotic disorders, such as scleroderma [17] , hepatic fibrosis [18] , kidney [19] , pulmonary [20, 21] , and cardiac fibrosis [22] . However, the role of PTEN expression in the pathogenesis of oral submucous fibrosis and its relationship to malignant transformation has not been studied. The present study aims to evaluate the expression of PTEN in OSMF and OSCC to elucidate its possible association with the progression and malignant transformation of oral submucous fibrosis.
Materials and Methods

Tissue Material
Following approval of the our institutional review board, formalin-fixed paraffin-embedded tissue blocks (60 cases) of histopathologically proven cases of oral submucous fibrosis (30) and oral squamous cell carcinoma (30) were retrieved. Ten tissue blocks of normal oral mucosa obtained from gingival and vestibular mucosa after extraction of impacted teeth were used as controls. The hematoxylin and eosin (H&E) stained sections were reviewed and diagnosis confirmed by two oral pathologists. The oral submucous fibrosis tissue sections were further subdivided histopathologically into (1) very early, (2) early, (3) moderately advanced, and (4) advanced, using criteria of Pindborg and Sirsat [4] (Table 1) . We combined the first two categories under (A) ''early'' (15 cases) and the last two categories under (B) ''advanced'' (15 cases). The OSCC cases were graded as well-(10 cases), moderate-(10 cases) and poorly-differentiated (10 cases). These cases of OSMF and OSCC along with normal oral mucosa were subjected to immunohistochemistry for PTEN. The patients with OSMF ranged from 17 to 50 years, with 29 males and only one female patient. Similarly, patients with OSCC were also predominantly male (M:F 28:2) in the age range of 35-65 years. All patients included in the study had a history of areca nut and tobacco chewing of varying duration, as revealed by their biopsy records. In patients with OSMF, the duration of areca nut with/without tobacco use varied from 1 to 10 years with an average frequency of at least 6 times/day; in OSCC patients, the history of areca nut/tobacco use ranged from 3 to 21 years with a frequency of 5 times a day on average.
Immunohistochemistry
The immunohistochemical analysis for PTEN was performed using super sensitive one step polymer-HRP technique (Biogenex Life Sciences, San Ramon, CA, USA). Paraffin-embedded tissue blocks were cut into 4-5 lm thick sections and taken onto 2%, 3-aminopropylethoxysilane solution (APES) (Sigma Aldrich, St. Louis, MO, USA) adhesive coated slides. The sections were then de-paraffinized and rehydrated through xylene and descending grades of alcohol. Antigen retrieval was done using commercial microwave antigen retrieval system where the sections were placed in a container containing 10 mM sodium citrate buffer (pH-6.0) at 96°C for 3 cycles of 6 min each (EZ-Retriever System, Biogenex life sciences, San Ramon, CA, USA). After rinsing in PBS, the sections were treated with peroxidase block consisting of 3% H 2 O 2 in water for 15 min to block the endogenous peroxidase activity, followed by a 20 min power block to obstruct any nonspecific antigenic sites. The sections were then incubated for 1 h at room temperature with optimally pre-diluted antibody against PTEN (Mouse monoclonal: Clone 28H6, Biogenex, United States of America). After washing with PBS, the sections were then incubated with One-Step Polymer-HRP reagent for 30 min. Visualization was performed using freshly prepared DAB (diaminobenzidine tetrahydrochloride). The slides were counterstained with Harris hematoxylin, subsequent to which sections were dehydrated, cleared, and mounted with DPX. For each batch of staining, positive and negative controls were run simultaneously with the study specimens. Normal oral mucosa served as the positive control and the endothelial staining of blood vessels known to be reactive to PTEN were used as the internal positive control. The primary antibodies were replaced by non-immune mouse serum at the same dilutions for the negative controls.
Immunohistochemical Analysis
Evaluation of PTEN expression was based on the extent of positivity, modified from the method used by Sui Li et al. [23] . The quantity of stained epithelial cells was classified as follows: (0) 0-9 cells, (1) 10-49 cells, (2) C50 cells. All H&E-and immunohistochemical-stained sections were evaluated by two independent observers.
Statistical Analyses
The differences in PTEN immunoexpression between NOM, OSMF and OSCC was examined using Kruskal-Wallis and Chi-square tests. p Values of less than 0.05 were considered significant.
Results
Thirty histopathologically proven cases of OSMF and OSCC each, as well as NOM (10 cases), were stained with H&E and PTEN antibody. All NOM cases, which served as a positive control, exhibited strong nuclear PTEN expression in the epithelium (100%); the blood vessels within the connective tissue also served as a positive internal control (Fig. 1) . The NOM, OSMF, and OSCC demonstrated immunostaining of the epithelial cells at varying levels for PTEN ( Table 2 ).
There was progressive loss of PTEN expression from NOM to OSMF and OSCC (p B 0.01) ( Table 2 ). Loss of PTEN expression was observed in 6 out of 30 cases (20%) of OSMF. In 2 out of 15 cases (13.3%) of early OSMF and 4 out of 15 cases (26.6%) of advanced OSMF there was loss of PTEN expression. The degree of PTEN expression in the progression of OSMF was considerably different; however, no statistical significance was noted between PTEN expression and the histopathologic grade. Notably, loss of PTEN expression was significantly higher in OSMF as compared to NOM (p B 0.01) ( Table 3) (Fig. 2) .
Fifteen out of 30 cases (50%) of OSCC demonstrated loss of PTEN expression. This was significantly higher than NOM (p B 0.01) and OSMF (p B 0.01) ( Table 2 ) (Fig. 3) .
Discussion
The pathogenesis of OSMF has been extensively studied, but only a few studies have examined the molecular aberrations in OSMF and their possible role in malignant transformation [5] . Certain reports of polymorphisms of heterochromatic chromosome regions, sister chromatid exchanges, aberrant p53 expression, alteration in Bcl-2 expression, and adenomatosis polyposis coli gene have been associated with OSMF carcinogenesis [24] [25] [26] [27] [28] . Recently, Teh et al. [29] have demonstrated genomic instability and loss of heterozygosity (LOH) in several chromosomal loci containing known oncogenes and tumor suppressor genes associated with head and neck carcinogenesis in OSMF tissues.
The role of PTEN in fibrosis and carcinogenesis has been investigated in recent literature [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . As OSMF is a premalignant condition characterized by fibrosis and malignant transformation in the background of fibrosis, we hypothesized a possible role of PTEN in the progression and malignant transformation of OSMF. The PTEN gene encodes a protein able to dephosphorylate both proteins and lipid substrates and is notably referred to as ''the most highly mutated gene in the post p53 era''. A pivotal role of PTEN is exerted through interference in signal transduction pathways of phosphoinositide second messengers. In fact, by dephosphorylating phosphoinositol 3, 4, 5-triphosphate (PIP3), PTEN decreases the cellular membrane translocation of AKT, a serine theonine kinase involved in proliferative, metabolic, and anti-apoptotic pathways, thereby reducing its phosphorylation and resulting in increased apoptosis. Additionally, by up regulating p27, PTEN induces down regulation of Cyclin D1, leading to cell cycle arrest. Further, PTEN may be important in cell-extracellular matrix (ECM) interactions by inhibiting cell adhesion, migration, and spreading by dephosphorylating focal adhesion kinase (FAK) and mitogen activated protein kinase (MAPK) [9] [10] [11] [12] .
Down regulation/loss of PTEN results in unconditional proliferation, increased cell survival, reduced adhesion, and increased cell migration and has been associated with the pathogenesis of numerous tumors, as previously mentioned [9] [10] [11] [12] [13] [14] [15] 30] . Furthermore, it has been linked to numerous fibrotic disorders where it negatively regulates cell survival and fibroblast proliferation [19] [20] [21] .
In our study, PTEN expression was well maintained in NOM while there was significant loss of PTEN in OSMF (p B 0.01), suggesting its altered expression in this condition. Additionally, the loss of PTEN expression progressively increased from early to advanced stages, though the results were not significant (p C 0.05). A similar downregulated expression of PTEN has been reported in hepatic tissues with increased fibrosis [18] .
Fibrosis in OSMF is due to the imbalance between collagen deposition and degradation that is mediated by several diverse mechanisms [5] . One of the key molecules implicated is TGF-b, a proinflammatory and fibrogenic cytokine generally stimulated in response to arecoline [6] . In context with our study, TGF-b is known to be an important negative regulator of PTEN expression [11] . Increased TGF-b in OSMF may possibly cause decreased PTEN levels and resultant unrestrained AKT activity, which, in turn, leads to prolonged cell survival due to diminished apoptosis of the fibroblasts and increased extracellular matrix production, eventually resulting in PTEN phospatase tensin homologue deleted on chromosome 10, NOM normal oral mucosa, OSMF oral submucous fibrosis, OSCC oral squamous cell carcinoma, S significant, NS non-significant fibrosis. This mechanism has been implicated in hepatic, pulmonary, kidney fibrosis, and scleroderma [31] . This is corroborated by reports of increased proliferative activity and aberrant Bcl-2 expression in OSMF [27] [28] [29] [30] [31] [32] . Further, substantial research on OSMF has focused on the cellular and biochemical events in the connective tissue component. Nevertheless, the overlying epithelium may also play a significant role in inducing fibrosis in OSMF and is certainly involved in its malignant transformation. The reduced vasculature in the sub-epithelial connective tissue allows for long-term build-up of inflammatory cytokines, which aggravate inflammation and wounding of the overlying epithelium, in an intricate epithelial-mesenchymal interaction [33, 34] . This is substantiated by the demonstration of an altered keratinocyte phenotype [35] , varied cytokeratin expression subsequent to chronic connective tissue pathology [36] , and loss of E-cadherin in the epithelial cells of OSMF, all of which could signify the development of a mesenchymal /migratory phenotype, consistent with the model of epithelial-mesenchymal transition (EMT), a hypothesized model of cell development [37] . Moreover, recent studies have demonstrated that myofibroblasts are an integral component of OSMF and that their differentiation is facilitated by the betel quid alkaloid [38, 39] . This myofibroblast differentiation and increased collagen production in OSMF may be a result of EMT between the oral keratinocytes and fibroblasts via the integrin pathway [39, 40] . PTEN is considered to be a negative regulator for the induction of myofibroblast differentiation in fibro-proliferative disorders. The complex EMT signals involving TGF-b and integrin signaling could inactivate PTEN and induce myofibroblast differentiation via the FAK and MAPK pathways [41] [42] [43] [44] . Reduced or loss of PTEN expression has been associated with increased myofibroblast levels in fibrosis, both in vitro and in vivo [21, 41] . What is more, the fibroblasts in fibrotic disorders have been reported to demonstrate features similar to malignant cells, i.e. resistance to apoptosis, increased migration and invasion of tissues, and increased proliferation [41] . It has, therefore, been proposed that PTEN expression in epithelial cells physiologically regulates the phenotype of these cells, but disruption of normal function of PTEN may contribute to the pathogenesis and exacerbation of fibrosis by preventing normal epithelial repair and allowing progression of abnormal fibroblast proliferation [21] . Additionally, in our study, a 50% loss of PTEN immunoexpression was observed in OSCC. The role of the PTEN gene in OSCC is still unclear. Chen et al. [45] and Mavros et al. [46] could not demonstrate any homozygous deletion of this gene in OSCC and concluded that PTEN gene alterations are rare in OSCC. The frequency of LOH in relation to this gene is also low i.e. 12 and 13% as reported by Mavros et al. and Chakraborthy et al., respectively [46, 47] . However, with regards to the loss of immunoexpression at the protein level, the occurrence ranges from 24.2 to 31.8% by various authors [15, 16, 48] . Consequently, the rate of PTEN inactivation at the protein level appears to be more common than that recognized at the genetic level, which could be attributed to reduced protein synthesis, increased protein degradation, or other posttranslational modifications. Another possibility could be epigenetic inactivation of the gene through hypermethylation of the promoter region [16] . This has been corroborated by Kurusawa et al. [16] , who demonstrated significant reduction in PTEN mRNA in OSCC cell lines (77.8%). Thus, it can be understood that changes in epigenetic regulation of PTEN are more significant than genetic changes in OSCC. This may underscore the value of using PTEN immunohistochemistry as a tumor marker.
As previously mentioned, an important finding of this study was the loss of PTEN expression, which increased from NOM to OSMF to OSCC (p B 0.001). Presumably, therefore, the loss of PTEN tumor suppressor function begins in the early stages of oral carcinogenesis, similar to what has been described in endometrial cancers [30] . The possibility that changes in PTEN expression actually represent a continuum from normal to precancer to cancer necessitates additional studies. Our results suggest that alteration of PTEN is likely an important molecular event in the pathogenesis of OSMF and oral carcinogenesis. The following mechanism is proposed for the role of PTEN in OSMF based on the downstream targets of PTEN/PI3K pathway studied in OSMF: Downregulation of PTEN results in: (1) increased AKT activity with effects on downstream targets of PTEN/PI3K pathway that include alteration of apoptotic factors, such as Bcl-2, caspase 9, p53, and Fas, all of which ultimately result in increased cell survival; (2) the activation of GSK-3b-b-catenin signaling coupled with decreased p27 leading to increased Cyclin D1 levels predisposing to increased cell proliferation; and (3) reduced cell adhesion, increased cell migration, invasion, and EMT by effects on FAK and integrin signaling via ERK and MAPK pathways [5, 6, 11, 19, 26-28, 31-34, 39, 43, 44] (Supplementary Fig 1) . However, the precise molecular mechanism resulting in inactivation of PTEN, its potential significance, and the intricate epithelial mesenchymal transition in OSMF need further research. Importantly, this could aid in developing novel therapeutic strategies.
Conclusion
This is the first study demonstrating PTEN expression in OSMF. Our results further expand the molecular-biological spectrum of this entity. An insight into the probable association of PTEN in the evolution and malignant transformation of OSMF is presented, highlighting the need for additional studies.
